Following the amalgamation of a collage of pre-Neogene terranes largely by strike-slip and convergence mechanisms to form the Philippine islands, volcanic chains, related to oppositely dipping subduction zones, developed along the eastern and western margins of the archipelago. There is ample field evidence that this volcanic activity, predominantly talc-alkaline in chemical character, had commenced by the Oligocene.
Introduction
The Taal volcanic center, situated within a caldera/volcano-tectonic depression, is a prominent Neogene feature located in southwestern Luzon, Philippines (Fig. 1) . Of the volcanic complexes lining the western margin of Luzon, Taal and a few others in its vicinity (e.g., Banahaw, Laguna de Bay and San Cristobal) have the most controversial and perhaps least understood tectonic settings. According to Cardwell et al. (1980) and Hamburger et al. (19831, this group of volcanoes is the product of eastward-dipping subduction along the Manila trench, like other volcanoes along western Luzon. Divis (19801, Cruz and Umbal (1983) and Wolfe and Self (19831, however, have shown that, although subduction might have been important in their development, Taal and its neighbors occupy an area that has been affected by deep-seated and regionally important cross faults. Implicit in this observation is that the composition and processes controlling the generation of magmas in the Taal region probably evolved with the changing stress regimes. Indeed, recent isotopic studies of volcanic materials from the area have shown that there are fundamental differences in source character between Neogene southwestern Luzon volcanoes and contempora- neous volcanoes in the same chain to the north (Mukasa et al., 1987; Defant et al., 1988; Knittel et al., 1988) . Emergence of the cross faults and the spatially related lavas of the Taal group-with higher K,O and incompatible element concentrations as well as more radiogenic isotopic ratios-appears to have coincided with collision in the late Miocene between the Philippine archipelago and the North Palawan Continental Terrane (NPCT). Mukasa et al. (1987) , Defant et al. (1988) and Knittel et al. (1988) have therefore concluded, on the basis of isotopic and major and trace element compositions as fingerprints, that introduction of crustal materials from the NPCT to the subduction zone (either slivers of continental crust or terrigenous sediments on the leading edge of the terrane), contributed to the source character of post-collision lavas erupted between southwestern Luzon and Panay (Fig. 1) .
In the light of new isotopic and trace element results on post-spreading lavas scattered throughout the South China Sea Basin (SCSB) (Tu et al., 19911 , subcontinental lithosphere, associated with the NPCT and introduced into the segment boundary between the Manila and Negros subduction systems by collision, has to be considered as an alternative source. If post-spreading lavas of the SCSB reflect a lithospheric source, then this source is heterogeneous, enriched in low field strength elements (LFSE) and light rare earth elements (LREE) relative to N-MORB, depleted in "Sr/'%r and 143Nd/'44Nd relative to bulk earth, and similar in its Pb-isotopic signatures to global magma reservoirs, with the Dupal isotopic anomaly as defined by Hart (1984; . Defined in terms of Pb-isotopic compositions, the Dupal anomaly is the deviation of any data set from the Northern Hemisphere Reference Lines (NHRL), which pass through the data fields for basalts from the East Pacific Rise, Mid Atlantic Ridge and several ocean islands. The anomaly is expressed as the vertical deviation in 207Pb/204Pb or 208Pb/204Pb from the line, with the minimum deviation limit having been set at a A208/204 of +60 by Hart (1988) . Many (but not all) of the SCSB geochemical features are shared by the lavas from Taal Volcano, lending impetus for a comparative assessment of rocks from the two areas. Samples from two additional volcanoes in southwestern Luzon are evaluated for reference: the Laguna de Bay volcanic complex, which has the same general tectonic setting as Taal Volcano but is possibly older, and Arayat Volcano, a K-rich member of the western Luzon chain of volcanoes, but distant from any possible cross-faulting effects.
Regional tectonic setting
The pre-Neogene geology of the Philippine archipelago is dominated by a collage of arc, continental and ophiolitic blocks that, on the basis of structural, paleontological, stratigraphic and paleomagnetic data, are believed to have formed separately under different stress regimes far from their present geographic locations (Hsii, 1972; Hamilton, 1979; De Boer et al., 1980; Balce et al., 1981; Hashimoto, 1981; Fuller et al., 1983; Karig, 1983; McCabe et al., 1985; Karig et al., 1986) . Following amalgamation of these terranes by strike-slip and convergence mechanisms, volcanic chains, related to oppositely dipping subduction zones, developed along the eastern and western margins of the archipelago. Volcanic activity, associated with the eastward subduction of South China Sea crust along the Manila-Negros trench and the westward subduction of the Philippine Sea plate along the Philippine-East Luzon trench (Bicol sector), has constructed two subparallel belts of predominantly talc-alkaline stratovolcanoes since the Oligocene (Hsii, 1972; Hamilton, 1979; De Boer et al., 1980; Balce et al., 1981; Hashimoto, 1981; Fuller et al., 1983; Karig, 1983; McCabe et al., 1985; Karig et al., 1986) . Taal, Laguna de Bay and Arayat, which are compared here, occur in the central sector of the western volcanic belt in the southwest of Luzon island, in association with eastward subduction along the Manila-Negros trench (Fig. 1) .
Neogene volcanic chains along the western Philippines have been referred to as the West Philippine arc (Mukasa et al., 1987) , the Bataan and Mindoro arcs (De Boer et al., 1980; Defant et al., 1988) and the Luzon arc (Defant et al., 1989) ; all of these names remain in use at present. These volcanoes form two closely spaced, subparallel chains that Defant et al. (1988) have termed the eastern and western Bataan lineaments (EBL and WBL), in northern and central Luzon, and eastern and western Mindoro lineaments (EML and WML) in southwestern Luzon, Mindoro and Marinduque. The Bataan and Mindoro lineaments are separated by a zone of northeast-trending cross-faults which define a rift-like tectonic feature, referred to by and Fiirster et al. (1990) as the Macolod Corridor (MC). Taal and Laguna de Bay are located in this feature, while Arayat is part of the EBL. Defant et al. (1988) have pointed out, however, that Laguna de Bay and Taal's oldest eruptive products might be older than the MC and should, therefore, not display cross-fault effects, if these are distinct and are reflected by the lava chemistry. Depth to the top of the subducted slab beneath EBL and MC volcanoes is another important distinction, possibly bearing on composition of the magmas. Seismic studies by Cardwell et al. (198C0, Hamburger et al. (19831, Hayes and Lewis (1984) and Rangin et al. (1988) have revealed that the top of the subducted slab is 180-200 km beneath Arayat, but much deeper beneath the MC volcanoes. Immediately west of the Manila-Negros trench system is the South China Sea Basin (SCSB), a marginal basin which began to develop in the Paleocene, along what was originally an Andeantype convergence zone, and evolved through crustal stretching and sea-floor spreading (Taylor and Hayes, 1983; Ru and Piggott, 1986; Tapponnier et al., 1986) . Remnant crustal blocks separated from Eurasia by the marginal basin opening are presently scattered throughout the basin, but are concentrated along the eastern margin where they collided with Borneo and the Philippine archipelago, effectively terminating spreading. The NPCT, which abuts islands in the western central Philippines (Fig. l) , and appears to have contaminated post-collision magma sources in the area, is one of these crustal blocks.
After termination of spreading in the SCSB, widespread volcanism penetrated the basin floor, stranded microcontinents and the mainland, from Thailand in the south to Korea in the north. Tu et al. (1991) have argued that these post-spreading lavas probably sampled the subcontinental lithosphere-dispersed with basin opening-that had been enriched along the, now defunct, Andean-type margin of Southeast Asia. It is worth considering and investigating the possibility that such a lithospheric source was introduced into the MC region with collision between the NPCT and the Philippine archipelago.
Previous geochemical studies of Taal Volcano and South China Sea Basin hasalts
Geochemical studies by Miklius et al. (1991) of Taal lavas have revealed that talc-alkaline and tholeiitic magmas evolved coevally. On Volcano Island, the medial post-caldera edifice of cones and tuff rings of the complex (Fig. 2) , the two lava suites are easily distinguished from one another, and from pre-caldera eruptive products rimming Taal Lake, on the basis of major elements and incompatible trace element ratios. For the equivalent MgO content, post-caldera lavas on Volcano Island have higher incompatible element contents than pre-and syn-caldera collapse lavas at Mt. Macolod and Napayun Island (locations in Fig. 2 ). The differences between calc-alkaline and tholeiitic suites on Volcano Island are best explained by their evolution in separate systems without material exchange between the two rock series. Chemical and petrographic evidence suggest that fractional crystallization and mixing between less-and more-evolved magmas were important processes in development of both series, with mixing predominating in the calc-alkaline suite.
Compared to the WBL volcanoes, Taal lavas (and lavas of the other EBL and MC volcanoes) are more alkalic and have higher contents of incompatible elements (Miklius et al., 1991) . Defant et al. (1988) attribute these features to very small degrees of partial melting as compared to WBL lavas, which have lower contents of these elements. Contradiction between certain trace element ratio covariations (e.g., Ba/Y versus Zr/Y) and incompatible element contents, with respect to degrees of partial melting, have led Miklius et al. (1991) to conclude that source heterogeneity was the principal factor determining parent melt differences.
In their comprehensive study of post-spreading lavas in the SCSB region, Tu et al. (1991) observed LFSE and REE enrichments relative to N-MORB, as well as 87Sr/86Sr and 143Nd/'44Nd ratios that are variable but are depleted relative to bulk earth values. In addition, they discovered not only heterogeneities in isotopic and trace element ratios, but a decoupling of the two parameters. The observed decoupling is best explained in terms of recent but protracted enrichment histories, of the type believed to occur in supra-subduction zone mantle wedge environments. Pb-isotopic compositions for most of the lavas fall in the fields for the Dupal isotopic anomaly (A208/204 = 45-73), implying that either the anomaly, documented chiefly in the southern hemisphere (Hart, 1984; , extends into this region, or that the SCSB source is a relatively isolated domain produced by local enrichment processes. Dupal-type Pb-isotopic compositions have also been documented on samples from the Philippine Sea by Hickey-Vargas (1991) , and from further north, in the Sea of Japan, by Tatsumoto and Nakamura (1991) .
Sampling
The Taal samples used in this study, for which locations are shown in Fig. 2 , are a sub-set of the much larger suite studied and described in detail by Miklius et al. (1991) ; descriptions here are therefore brief. A representative compositional spectrum and broad time sequences were the principal criteria used to choose a sample sub-set. Thus basalt, basaltic andesite, andesite and dacite, ranging in relative age from pre-caldera to historic post-caldera collapse, have been analyzed. The presence of multiple vents has produced complex stratigraphic relations, requiring tight isotopic age constraints, as yet unavailable. In the present study time resolution is limited to pre-, syn-and post-caldera collapse, which is nevertheless instructive. The oldest samples come from Mt. Macolod, a deeply eroded satellite plug, and from pre-caldera bombs at the northwestern rim of the volcanic center. Lavas of the 1969 eruption of Mt. Tabaro on Volcano Island, a post-caldera edifice, constitute the youngest group of samples. No relative time constraints have been attached to the Laguna de Bay and Arayat samples, all of them basaltic, since they are so few in number.
Analytical procedures
Whole-rock powders were leached with warm 2 N HCl and 3 N HNO, sequentially, and then washed with doubly distilled H,O. Samples of approximately 100 mg for Pb and 50 mg for Rb-Sr and Sm-Nd were dissolved in a 10: 1 solution of HF: HNO,, with 14 N HNO, added first to minimize the formation of fluorides. The dissolutions were carried out in screw-top PFA Teflon beakers on a hot plate set at 150°C.
Pb was isolated using AG 1X8 anion resin on 0.5 ml and 0.2 ml HBr-HCl ion exchange columns. A procedural blank run with the sam- ples had 0.7 ng of Pb, a small amount (< 1%) of the total Pb in each sample. The Pb samples were loaded on rhenium single filaments using the phosphoric acid-silica gel method.
Sample aliquots dissolved for Rb-Sr and SmNd isotopic measurements were dried down and redissolved three times in 6 N HCl, and finally equilibrated in 2.5 N HCl to be loaded onto columns. Rb and Sr were separated from other elements and from each other using 2.5 N HCl on cation exchange columns; REE concentrates were removed from the same columns using 6 N HCl. The REE fractions were dried and then picked up in 0.25 N HCl for introduction onto columns tightly packed with Bis (2-ethylhexyl) hydrogen phosphate-coated Teflon powder. Tight packing prevented solution channelling that might cause incomplete separation of the REE; a substantial hydrostatic head helped to speed up the flow rate. Nd was recovered with 0.25 N HCl, and Sm with 0.6 N HCl. Procedural blanks for Nd and Sr were 0.04 ng and 0.1 ng, respectively.
Rb samples were loaded on tantalum single filaments with 1 N HCl, Sr on rhenium single filaments with a TaCl, solution, and Sm and Nd 15.6 on rhenium triple filaments with weak phosphoric acid. Pb, Nd, Sm and Rb were measured in single-collector mode and Sr multi-dynamically using a VG Isomass 354 triple collector, thermal ionization mass spectrometer.
Within-run precisions for the measured Pb ratios were better than 0.05% at the 95% confidence level. These ratios have been corrected for fractionation during ionization using replicate analyses of the standard SRM-981 using a factor of 0.09 k 0.02% per atomic mass unit. Sr and Nd isotopic fractionations were corrected by normalizing to 86Sr/88Sr and 146Nd/'44Nd values of 0.11940 and 0.72190, respectively. The 87Sr/86Sr value for NBS standard SRM-987, based on replicate analyses, is 0.71024 &-1 and the 143Nd/144Nd value for the La Jolla standard is 0.51185 k 1.
Results
Isotopic compositions, and elemental concentrations and ratios, are presented in Table 1 Tu et al. (1991, and unpublished) for lavas from Mindoro ophiolites and post-spreading eruptions in the South China Sea Basin. Fields for the Bicol (eastern Philippines), Halmahera (Indonesia) and Taiwanese arcs, and Atlantic, Pacific and Indian Ocean MORB (see references in the text) are included for comparison. Note that the three Philippine volcanoes studied yield a linear array at a high angle to the MORB trend and are more radiogenic than the volcanoes in the Bicol arc of the eastern Philippines.
guna de Bay and Arayat are still not understood well enough for complete assessments of the time-integrated isotopic record of the magma supply systems. It should be noted, however, that, at Taal, isotopic ratios do not vary as a function of rock composition, distance from the trench, proximity to the cross-faults, or relative age in the pre-, syn-and post-caldera collapse groupings.
Fb-isotopic uariations
The Pb-isotopic data for Taal, Laguna de Bay and Arayat volcanoes listed in Table 1 are plotted on 207Pb/204Pb versus 206Pb/204Pb and "'Pb/ '04Pb versus *06 Pb/204Pb covariation diagrams in Figs. 3 and 4, respectively. Also shown for comparison are the fields for MORB (Sun et al., 1975; Sun, 1980; Vidal and Clauer, 1983; Cohen and O'Nions, 1982; DuprC and Allegre, 1983; Hamelin et al., 1984 Hamelin et al., , 1986 Hart, 1984; Hamelin and Allegre, 19851 , the Halmahera arc , the Taiwan arc (Sun, 1980) and data points for post-spreading lavas in the South China Sea Basin and ophiolites on Mindoro island iTu et al., 1991). The most striking feature of the Taal data in Fig. 3 is the remarkably high-angle, linear array relative to the MORB trend, lying totally outside the generalized MORB field which includes fields for Indian Ocean MORB and OIB. Line-fitting through the points yields a correlation coefficient of 0.939, but no meaningful age information. The two Laguna de Bay samples analyzed for Pb-isotopic compositions fall at the low 207Pb/204Pb end of the Taal array, and one of the two samples lies in the MORB field. Arayat data, in contrast, lie slightly to the left of the Taal-Laguna de Bay array, but are close to the MORB field. On the 208Pb/204Pb versus "'Pb/ 204Pb diagram (Fig. 41 , the Taal-Laguna de Bay array is reproduced, albeit without as good a correlation coefficient as on the diagram in Fig.  3 . As in Fig. 3 , data for Mt. Arayat fall to the low 2osPb/204Pb side of the array. However, data for all three volcanoes fall within the field for Indian Ocean MORB (Hamelin and Allegre, 1985; Hamelin et al., 1986; Mahoney et al., 1989) , considerably above Atlantic and Pacific Ocean MORB, and overlap with the fields for the Halmahera and Taiwan arcs.
On a A2"Pb/ 204Pb versus A*"Pb/ 204Pb diagram (Fig. 51 , which complements the other Pb covariation plots, the data fall along a broadly Hart (1984) . 207Pb enrichment for a given 208Pb is more pronounced for these samples than in those studied earlier. In this respect, the three volcanoes are similar to some of the post-spreading lavas in the SCSB; the latter, however, include samples which fall below the regression line.
'43Nd /144Nd-87Sr /?!?r couariation
Variations in Nd and Sr initial isotopic ratios for the three volcanoes are illustrated in Fig. 6. For comparison, the diagram includes fields for MORB, OIB and several island arcs, using data from various sources. Data for post-spreading lavas of the SCSB and ophiolitic slivers in Mindoro and Palawan from Tu et al. (1991) are also included. Taal data are remarkably homogeneous, defining a tight cluster toward the lower end of the field for the Izu-Honshu arc in Japan. All three Laguna de Bay samples have initial 87Sr/86Sr values lower than those of the Taal samples. They aIso show a wider range in initial '43Nd/*44Nd values, despite the very small sample population. Similarly, the two Arayat samples have initial Sr ratios lower than those of the Taal samples and are notably different from each other in their initial Nd ratios. Quite clearly, these three western Philippine volcanoes have Nd-Sr isotopic signatures that are discernible from those of the large majority of post-spreading SCSB lavas, the source materials of ophiolitic slivers in Mindoro and Palawan and the Bicol arc (Mukasa et al., 1986; Mukasa et al., in review) . Nd-Sr isotopic data for the Bicol arc fall in the field for the Mariana, New Britain, Aleutian and South Sandwich arcs and are remarkably homogeneous over a wide area. the Lesser AntiIles arc, as well as data points for the Mindoro-Palawan ophiolites and postspreading lavas of the SCSB. The diagram illustrates the point that Taal, Laguna de Bay and Arayat *'Sr/'%r values for all but two samples are higher than those of post-spreading lavas in the SCSB, despite the samples having comparable 206Pb/204Pb values. This feature points to a slight but significant difference in the character of magma sources beneath the two regions. Compared to data for the Lesser Antilles arc (Davidson, 19861 , the three Philippine volcanoes have remarkably high Sr initial ratios for their low 206Pb/204Pb. high Th/La and low HFSE/LREE in arcs are quite prominent (cf. Navon and Stolper, 1987; Kelemen et al., 19901 , as are steep trends in Pb-Pb space (cf. White and Dupre, 1986; Mukasa et al., 1987) .
Wedge and arc crust mixtures have also been considered viable magma sources in a number of studies (e.g., Tilton and Barreiro, 1980; Arculus and Johnson, 1981; Leeman, 1983; Davidson, 1986) . This model is particularly appropriate for continental arc lavas that have isotopic signatures resembling those of local ancient sialic crust, yet have mafic varieties not easily explained as pure crustal derivatives. It also seems appropriate for suites of rocks with isotopic patterns (e.g., in al80 versus 87Sr/86Sr space) more suggestive of upper level crustal contamination than source contamination.
Other studies have recognized that H,O-rich and/or low-melting subducted slab components are released into the supra-subduction mantle wedge, forming pervasively metasomatized rock mixtures with high potential to produce island arc-type magmas on melting (Kay, 1980; Sun, 1980; Gill, 1981; McCulloch and Perfit, 1981; Mukasa et al., 1987) . This model is consistent in many arcs with the observed alkalis/LREE, alkaline earths/LREE and Th/La values. However, devolatilization mechanisms remain poorly constrained and the composition of subducted sediments, which include ferruginous clays and pelagic, hemipelagic, metalliferous and volcanielastic sediments, are poorly documented. That not withstanding, '*Be studies of arc lavas (Tera et al., 1986; Morris and Tera, 1989; Morris et al., 1990) have provided strong evidence to support the notion that a subducted sediment component contributes to the source materials of arc lavas. With a half-life of only 1.5 X lo6 Ma, "Be decays rapidly in the mantle wedge. Its detection is, therefore, a good indicator of the rapidity with which sedimentary components recycle through subduction zones.
Finally, another model worth considering, particularly for arcs abutting marginal basins, involves the disaggregation by rifting of Andeantype continental margins, resulting in the dispersal of enriched subcontinental lithosphere and its subsequent subduction beneath new arcs (Varne, 1985; Varne and Foden, 1986; Tu et al., 1991) . Recognizing eruptive products with enriched subcontinental lithospheric materials of this nature is extremely challenging (e.g., Hawkesworth and Ellam, 1989) . At any rate, geochemical comparison of lavas erupted in a marginal basin with those in arc stratovolcanoes beneath which the marginal basin floor subducts is desirable. Considering the rapidity with which subducted sediments are recycled to the mantle wedge, it should be possible, using "Be and B systematics (cf. Morris et al., 1990) , to distinguish enriched subcontinental lithosphere from recently subducted sedimentary components.
Isotopic character of the source materials
A striking feature of Taal Volcano isotopic compositions is the relative homogeneity of "Sr/ '%r and 143Nd/144Nd (Fig. 6 ) with high and variable 207Pb/2"Pb and 208Pb/2"4Pb values (Figs. 3 and 4, respectively) . On the 143Nd/144Nd versus 87Sr/%r diagram (Fig. 61 , the data form a very small cluster of points near the depleted end of the much larger Lesser Antilles field and within the field for the Izu-Honshu arc of Japan. With points falling well above bulk earth 143Nd/'44Nd values, and having "Sr/%r values either similar to or less than bulk earth, the source materials appear to have evolved in a long-term depleted environment. The samples are, however, less depleted compared to lavas from the Mariana, New Britain, Aleutian or South Sandwich arcs. In contrast to the homogeneity suggested by Nd and Sr ratios, the high-angle Pb-isotopic arrays indicate a more complex heterogeneous source, involving mixing between crustal and MORB-like components, irrespective of the bulk composition or age of the rocks.
A comparison of data for Arayat, Laguna de Bay and Taal shows that isotopic differences between them are small, suggesting that source materials for the three volcanoes were probably similar, despite respective differences in the angle of dip for the subducted slab.
Recent enrichment in LILE of the source is indicated by the decoupling of isotopic and ele-mental ratios, whereby low Sm/Nd, and high Rb/Sr values relative to bulk earth (Fig. 8) coincide with a time-integrated Nd-Sr isotopic record of depletion. If the inferred enrichment event were old (> 200 Ma), there would be more substantial retardation and elevation in the 143Nd/ 144Nd and the 87Sr/86Sr values, respectively. It is unlikely that LILE enrichment reflects small degrees of partial melting as proposed by Defant et al. (19881, inasmuch as this mechanism fails to explain the elevated 207Pb/204Pb values observed. Modification of elemental ratios is best explained by the recent addition of an enriched component, the most likely candidate being subducted marine sediment. This view was rejected by Defant et al. (1988) on the basis of trace element data, which may not be uniquely interpretable. The relatively slight enrichment in the Nd-and Sr-isotopic compositions (cf. the Banda and Lesser Antilles arcs in Fig. 61 , may indicate less sedimentary contamination of the southwestern Luzon source, assuming, reasonably, that sediment characteristics are not overly different in the two areas. Assessing when the sedimentary component might have been introduced into the source materials is vitally important in distinguishing whether the sediment involved was subducted since the Eocene inception of the Manila-Negros Trench or was recycled into the subcontinental lithosphere (along the southeast Asia margin in what is now a defunct continental arc) prior to the opening of the SCSB. Presumably, the SCSB source was enriched prior to its opening via disaggregation of the continental arc and, according to this model, west Philippine volcanoes would have acquired the same signature as the result of subduction or delamination during and after collision of the SCSB lithosphere beneath the western margin of the Philippine archipelago. The question of timing is considered below after comparison of elemental and isotopic variations in Philippine and post-spreading SCSB eruptives.
Observations based on trace elements
Trace element data for Taal lavas in Miklius et al. (1991) reflect an increase in the incompatible elements Ba, K, Rb, Th and Zr with SiO,, and concomitant decreases in compatible elements such as Ni, Cr and Sr. MORB-normalized incompatible element distributions (spidergrams) reflect pronounced 'troughs' for Ta, Nb and Ti, characteristic of arc magmas and possibly their sources (Ryerson and Watson, 1987; Kelemen et al., 1990) . Despite any isotopic similarities between the post-spreading SCSB and BataanMindoro eruptives, differences in their spidergrams appear to preclude a common source for these magmas.
Comparison of isotopic and elemental variations between Taal Volcano, the Bicol arc and post-spreading lavas in the SCSB
A comparison of isotopic and trace element data for samples from Taal, the Bicol arc in the eastern Philippines and post-spreading lavas in the SCSB provides some insights into the types of components that might be available in the magma sources for each group. Trace element data for the Bicol arc are only now being acquired by our group and so an interim comparison here must be based on the isotopic data in Mukasa et al. (1986; and Mukasa et al. (in review) .
Of the three areas, the Bicol arc appears to have the simplest isotopic signatures, explicable by magma derivation from source materials with a long, time-integrated record of LILE depletion relative to bulk earth. In Figs. 3 and 4 , samples for the Bicol arc fall in the MORB fields (ruled fields), and in Fig. 5 , exhibit signs of having been derived from materials with a long history of high Th/U values, although not as extreme as MORB and OIB from the Indian Ocean (DuprC and Allbgre, 1983; Hart, 1984; .
While their 206Pb/204Pb values are not as low as those of the Bicol arc (Figs. 3,4 and 7) , a large number of the post-spreading lava samples from the SCSB fall in the MORB field, and exhibit Dupal anomaly characteristics as well (Tu et al., 1991) . A few samples, however, have elevated 207Pb/204Pb values, placing them outside the MORB field in Fig. 3 and suggesting sediment addition to their source materials sometime prior to magma extraction. With such isotopic heterogeneities, the SCSB group has had a much more complex history of LILE depletion and enrichment than has the source material for lavas in the Bicol arc. In having comparatively low Sri ratios, falling between 0.70355 and 0.70376 (Figs. 6 and 7), the Bicol arc and post-spreading lavas of the SCSB are similar. However, as already stated, their 206Pb/204Pb values are quite different.
On the other hand, Taal Volcano (and for that matter Laguna de Bay and Arayat volcanoes) have consistently the lowest 143Nd/144Nd, highest 87Sr/86Sr, and most radiogenic Pb ratios in the three sample groups. For the Taal and SCSB samples, this is despite the fact that Sm/Nd and Rb/Sr values are similar for all rocks of basaltic composition. If similarity of these elemental ratios was the result of western Philippine volcanoes inheriting enriched Eurasian subcontinental lithosphere, delivered to the archipelago by spreading and subduction associated with opening of the SCSB, then Sr-, Nd-and Pb-isotopic compositions of lavas from the two areas would have been the same. This is not what is observed. Therefore, either the elemental ratios for the two areas were equalized in different and unrelated enrichment events or, following a common enrichment event, west Philippine lava sources were endowed with yet another enriched component, apparently not made available to the post-spreading lavas of the SCSB.
The data require Taal and its neighboring volcanoes to have acquired an LILE enriched component recently. This component is not available to the source regions of the post-spreading lavas in the SCSB or even to the Bicol arc. Recently subducted SCSB sediments, derived largely from young Eurasian crust, comprise the most logical component to introduce the observed LILE enrichment. 207Pb/204Pb values also to involvement of recently subducted SCSB sediments at the source.
Varied but small degrees of partial melting, long-held source heterogeneities and the introduction of a sedimentary component into the supra-subduction mantle wedge are the processes that determine the trace element inventories of derivative melts prior to any fractionation effects. Fig. 9 , a plot of Sr/Nd versus Th/Ta for SCSB post-spreading lavas (solid squares) and Taal Volcano (circles), highlights our view that different sources or magma evolution mechanisms have prevailed in the two areas. For comparison, notice the location of average crust (Taylor and McLennan, 1985) , within-plate lavas and fresh MORB glass (Hofmann, 1988) , as well as the mixing line between altered MORB and sediment-dominated end-members, first modelled by Rogers et al. (1985) . If the two dacite samples from Taal (the two points below the mixing trend) are excluded to minimize the effects of plagioclase fractional crystallization on the observed Sr/Nd values, then Taal samples lie reasonably close to the mixing line between ahered MORB and sediment-dominated end-members. In contrast, SCSB post-spreading lavas have much lower Th/Ta values and are essentially indistinguishable from within-plate lavas and fresh MORB glass. We view this difference as another good indication that magma sources of the three western Philippine volcanoes studied have been permeated with an LILE-enriched component that appears to be absent in SCSB post-spreading lavas. Subducted, ~OntineRtally derived sediments explain satisfactorily the observed high Th/Ta values in Taal Volcano and other volcanoes in the western Philippines.
Conclusions
From the above the following conclusions can be drawn:
(1) The source materials of lavas from Taal and other western Philippine volcanoes have undergone recent enrichment in LILE, as indicated by the decoupling of isotopic and elemental ratios. Their derivative magmas have low Sm$Nd relative to bulk earth, and yet their 143Nd/i 4Nd values exhibit a time-integrated record of depletion. Rb/Sr values of the magmas are also considerably higher than the bulk earth value, whereas corresponding s7Sr,/%r values are either less than, or are close to, the estimated bulk earth ratio.
(2) LILE enrichment in Iavas from TaaI, Laguna de Bay and Arayat volcanoes cannot be entirely due to small degrees of partial melting. The trace element enrichment is accompanied by substantial eIevations in radiogenic Pb, a feature best explained by the introduction of subducted, continentally derived sediments.
(3) Lavas from the three western Philippine volcanoes studied and from the post-spreading group in the South China Sea have some small, but nevertheless important, differences in both elemental and isotopic ratios, requiring different source materials. Although Sm/Nd and Rb/Sr values for basaltic rocks from the two areas are virtually the same, western Philippine volcanoes have consistently higher s7Sr/s6Sr, Sr/Nd, and Th/Ta and, for the most part, lower 143Nd/144Nd values. In addition, all but one of the samples from the three volcanoes analyzed fall above the MORB field, whereas the majority of the postspreading lavas from the SCSB fall within it on both Pb-covariation diagrams.
(4) The sedimentary component that infiuenced the trace element and isotopic character of lavas from the three western Philippine volcanoes is not available to Bicol arc volcanoes lining the eastern margin of the archipelago. This is reflected in the latter having comparatively higher 143Nd/'44Nd and lower s7Sr/86Sr values, as well as less radiogenic common Pb with Dupal-type isotope characteristics. The most logical enriched ~rn~nent available to the Manila-Negros subduction zone, which is completely missing on the eastern side of the archipelago, is South China Sea basin sediments, derived largely from Eurasia.
